After the discovery of higher-temperature superconductor in cuprate oxides such as Y-Ba-Cu-0 / l /, Bi-Sr-Ca-Cu-0 /2/ and T1-Ba-Ca-Cu-0 1 3 1 , many studies have been made in the field of physics, chemistry, electronic and materials science reflecting that their potential became unprecedented in technological applications. Three parameters of transition temperature Tc, upper critical magnetic field H, and current carrying capability J are important factors for the design 05 circuit. The last one heavily depen%s on sysnthesis process; the J of si tered, or polyc ysta line specimens is at the most in the order of 1 oq A/cmP although Jc>l OdA/cmi has been achieved in an epitaxial-grown thin film. Recently, it has been clarified that the discrepancy originated from a weak coupling of grain boundaries (G.B.) / 4 , 5 / ; because coherence length of these oxide systems /6,7,8/ is much shorter than that of alloy superconductor, a Cooper pair can go across G.B. by tunneling mechanism in the latter case, however, a distorted area at G.B. becomes a barrier in the former one. The J evaluated by Bean's equation /9/ is large enough in an individual grain, gut the overall performance is restricted by weak coupling of G.B. In addition, an anomalous magnetization w a s observed in a polycrystalline Y-Ba-Cu-0 /10/ which is considered that a a magnetic flux easily penetrates G.B. at H <Hcl (Hc1 :lower magnetic field). It suggests that G.B. enhances a giant flux creep firstly reported by Yeshurun et a1 / l l/. The G.B. in oxide superconductors is a topic in the relation of the Jc property.
In this study, we examined the G.B. of the Bi-Sr-Ca-Cu-0 superconductor with T =80K (Bi2Sr CaCu208).. The transmission electron microscopic observaTion showed tsat a particular G.B. structure and distribution were found reflecting its layered structure. Bicrystals were prepared by the sintering method using two single crystals to investigate an electrical property of an individual G.B. which is a similar process of powder sintering. At the last part of the paper, what dominates the Jc of a sintered specimen in the Bi-Sr-Ca-Cu-0 is discussed.
(1) Present Address: Department of Precision Machinery Engineering, Faculty 2 -E x p e r i m e n t a l and R e s u l t 2.1 C r y s t a l S t r u c t u r e of Bi2Sr2CaCu208 C r y s t a l s t r u c t u r e of Bi2Sr2CaCu208 is d e s c r i b e d f i r s t . I t i s e s s e n t t o d i s c u s s t h e G.B. s t r u c t u r e i n f o l l o w i n g s e c t i o n s . C e l l p a r a m e t e r s o f t h e p h a s e a r e a=b=O.54nm a n d c=3.06nm ( p s e u t e t r a g o n a l ) . F i g u r e l ( a ) s h o w s [ l 0 0 1 h i g h r e s o l u t i o n i m a g e o f t h e p h a s e Fig. l ( b ) shows a c r y s t a l model / 1 2 / a n a l y z e d by X-ray R i e t v e l d method / ' One may n o t i c e t h a t t h e s t r u c t u r e is composed of t h e a l t e r n a t i v e s t a c k i n g p e r o v s k i t e u n i t (-Sr-Cu-Ca-Cu-Sr-) a n d t h e B i O 2 l a y e r ( -B i -B i -) , whick c a l l e d A u r i v i l l i u s p h a s e / l 4 / . R e f l e c t i n g $he l a y e r e d s t r u c t u r e , e l e c t r i c a l p r o p e r t y i s q u i t e a n i s o t r o p i c / 1 6 / . I t i s s p e c u l a t e d t h a t c r y s t a l o r i e n t a t i o n a n d b o u n d a r y p l a n e i n f l u e n c e t h e Jc p r o p e r t y a t ( d r a s t i c a l l y . 
One may a l s o n o t i c e t h a t a l a r g e m o d u l a t e d s t r u c t u r e w i t h t h e W <
l e n g t h o f 4.7b (=2.7nm) l a y s on t h e B i 2 0 2 l a y e r . I t i s c o n s i d e r e d t h a t e x c e s s oxygen i s accommodated i n t h e l a y e r . Although two b i s m u t h p l a n e s s e p a r a t e d w i d e l y i n t h e d i s t a n c e o f 0.32nm, i t i s v a c a n t b e t w e e n t h e m / and t h e y a r e bonded by weak van d e r Waals f o r c e r e s u l t i n g a n e x t r e m e c-p1 c l e a v a g e t e n d e n c y . The n a t u r e o f t h e B i 2 0 2 l a y e r a f f e c t s t h e G.B. s t r u c t l a s shown below.
S t r u c t u r e of G r a i n B o u n d a r i e s i n t h e S i n t e r e d Bi2Sr2CaCu208
T r a n s m i s s i o n e l e c t r o n m i c r o s c o p y (TEM) o f G.B. was c a r r i e d o u t f o specimen p r e p a r e d by t h e s o l i d s t a t e r e a c t i o n method. S i n t e r i n g c o n d i t i o n t h e t e m p e r a t u r e d e p e n d e n c e of r e s i s t i v i t y a r e s h o w n i n T a b l e 1 a n d F i g . r e s p e c t i v e l y . A t h i n f o i l f o r TEM o b s e r v a t i o n was p r e p a r e d by t h e a r g o n t h i n n i n g t e c h n i q u e .
A s i n t e r e d s p e c i m e n was composed o f t h i n p l a t e l e t g r a i n s ( f e w t o 10 i n d i a m e t e r a n d 0.1 u m i n t h i c k n e s s ) , b e c a u s e c a l c i n e d p o w d e r c l e a .
p a r a l l e l t o c -p l a n e when i t was r e g r o u n d b e f o r e p r e s s i n g . Thus, most o f ( was p a r a l l e l t o c -p l a n e . An example i s shown i n Fig. 3 , where t h e boundary f l a t i n a n a t o m i c s c a l e a n d t h e b o u n d a r y p l a n e o f t h e b o t t o m g r a i n i s I p e r o v s k i t e u n i t b u t t h e B i 2 0 2 l a y e r . The l a t t e r u n i t may b e a d v a n t a g e o u s l o w e r t h e G.B. e n e r g y b e c a u s e i t i s f l e x i b l e t o r e l a x t h e s t r a i n a t G s u g g e s t e d by t h e m o d u l a t e d s t r u c t u r e . An a n o t h e r i n t e r e s t i n g e x a m p l e i s shown i n F i g . 
l t o c -p l a n e t h e r i g h t s i d e f i g u r e o f t h e photograph. I t s h o u l d be n o t e d t h a t t h e boundary p l a n e i s a l s o t h e B i O2 l a y e r . I n t h e c a s e of a i g . 5, t h e boundary i s p a r a l l e l f o r b o t h g r a i n s which is t e r m e d [ 0 0 1 ] -t w i s t b o u n d a r y i n t h e G.B. t h e o r y . A s m e n t i o n e d i n a p r e v i o u s F i g . 5 -High r e s o l u t i o n image o f [ O O l I -t w i s t b o u n d a r y i n Bi2Sr2CaCu208 i n t e r p r e t e d by t h e c o i n c i d e n c e s i t e l a t t i c e (CSL) t h e o r y i n c u b i c s y s t~ B e c a u s e t h e b o u n d a r y p l a n e i s d e f i n e d b y t h e m i d d l e o f t w o b i s m u t h p l a~ t h e s t a b i l i t y o f t h e G.B. i s d e s c r i b e d by t h e r e l a t i v e t w i s t -r o t a t i o n o f i w h i c h w i l l b e d i s c u s s e d i n t h e n e x t s e c t i o n . I n s u m m a r y , TEM o b s e r v a t
showed t h a t t h e b a s a l p l a n e was i m p o r t a n t f o r G.B. s t r u c t u r e r e f l e c t i n g l p y e r e d s t r u c t u r e and t h e Bi202 l a y e r t e n d s t o become a b o u n d a r y p l a n e .
D i s t r i b u t i o n o f L001 l -t w i s t B o u n d a r i e s i n Bi2Sr2CaCu208

A method t o e l u c i d a t e t h e . G.B. e n e r g y i s t o e x a m i n e t h e d i s t r i b u t i o l r e l a t i v e c r y s t a l o r i e n t a t i o n i n a p o l y c r y s t a l l i n e s p e c i m e n . S m i t h e t a 1 , i n v e s t i g a t e d s i n g l e c r y s t a l t a b l e t s p r e p a r e d by m e l t i n g method i n YBa2Cu, 1 1 9 1 a n d f o u n d t h a t t h e f r e q u e n c y o f c o i n c i d e n c e o r i e n t a t i o n i s l a r g c To01 l -t w i s t b o u n d a r i e s . The l001 l -t w i s t b o u n d a r y i s f o u n d t o b e abundant B i S r 2 C a C u O8 p r e p a r e d by t h e s o l i d s t a t e r e a c t i o n m e t h o d ( s e e 2 . 2 )
, m e 3 t i n g me%hod ( s e e 2.4) a n d t h e s p u t t e r i n g m e t h o d 1 2 0 1 , s u g g e s t i n g s t a b i l i t y o f t h e b o u n d a r y i n t h e m a t e r i a l . The b o u n d a r y p l a n e i s p a r a l e l l t o c -p l a n e .
T h e o r i g i n o f [ 0 0 1 l -t w i s t b o u n d a r i e s i n a s p e c i m e n p r e p a r e d s i n t e r method i s c o n s i d e r e d t h a t i t h a s a l r e a d y p r o d u c e d i n t h e c a l c i n a t i o n p r o c and TEM o b s e r v a t i o n was p e r f o r m e d t h e c a l c i n e d s p e c i m e n t o c o n f i r m it /;
After the powder was crushed softly in alcohol to prevent G.B. fracture, small fragments were transferred on a microgrid. Most of grains were mica-like platelet single crystals, where the beam direction is parallel to [OOl] axis. However, some fragments were superposed by two grains. The most trivial cases were go0-twist (twin) boundary 122,231 and small angle twist boundary. In the former case, a perfect epitaxy suggests the stability of the interface. The ratio of the latter case was large similar to other materials.
Coincidence boundaries such as C13 and C17 were frequently observed in a large angle G.B. as shown in Fig. 6 (a) and (b) . The observation, however, missed to find C5 boundary, which is the smallest C value in the [001]-twist structure. I n such of such exceptions, it is concluded that certain coincidence orientations are preferred. It may be a common nature in layered perovskite oxides such as YBa2Cu307-, and Bi2Sr2CaCu208.
Electrical Property of [001]-twist Boundary in Bi2Sr2CaCu208
A polycrystalline specimen is not suitable to investigate the electrical property of G.B. because many kinds of G.B. are mixed and an only averaged effect is observed in a macrospic measurement. Thus, the technique to prepare a bicrystal was developed 1241.
The bicrystal was prepared by the bonding of two platelets single crystal at high temperature. After preparing large single crystals (few mm in diameter and O-lrnrn in thickness) by the melting method, a clean surface was pbtained by cleavage. Two crystals were put on to each other on an alumina dish and it was sintered at 9 5 0~~ in a golden image furnace. It should be noted that a bicrystal was successfully obtained by the apparatus because the specimen was easily attached to the dish in a conventional furnace. Figure 7 shows the resistivity property of ( A ) single crystal and (B) bicrystal. The onset and offset temperature were almost same to each other, although the difference of resistivity at room temperature was caused by the inaccuracy of shape factor. Current Density J (~/ c r n ' ) Temperature (K) 
